This paper was discretizing numerically the links of the mechanism using finite element to develop model of unconstrained flexible mechanisms considering both axial and transverse deformations. The augmented Lagrange equations were used to drive the global governing equations. The equations of motion were solved for mechanisms with frequently varying mass, gyroscopic and stiffness matrices to compute the eigenvalues of the mechanism. The model of the mechanism was combination of flexible links connected by rotational pairs. The critical running speeds were calculated based on stability criterion method. The methods for determining critical operating speeds of linkage mechanisms with all links assumed as elastic members were applied in this work.
mechanism at various speeds in different regions considering damping. Equations of motion were derived by Nagarajan and David [13] using Lagrange's equation for elastic mechanism systems and solved using the finite element method. The dynamic stability of rigid four-bar and slider-crank mechanisms was studied by [14, 15] . The governing differential equation was obtained and transformed to a set of coupled Hill's equations by using Galerkin's method. The critical speeds ranges for an elastic mechanism were determined by Nagarajan and David [16] .
Gasparetto [17] decomposed the motion of the mechanism into a rigid motion of a suitably defined ERLS (Equivalent Rigid Link Mechanisms) and an overlapped elastic motion. The equations of motion for the flexible mechanism were derived by applying of the virtual work principle. Integrated structural and control design of linkage mechanism for noise attenuation was studied by Xianmin, et al. [18] . Based on the integral of energy and numerical integration, a general algorithm was developed by Jazar [19] . The algorithm is then used to get parameters of a parametric equation to induce a periodic response.
The eigenvalues characterize the system stability. The stable linear system has no positive real part in eigenvalue. Furthermore, the asymptotically stable system has negative real parts (no zero real parts allowed) in eigenvalue. However, calculation all the eigenvalues of the state matrix of a system is not always desirable. In fact, computing the solution of the system is easier than calculation of the eigenvalue criteria, Inman [20] .
EQUATION OF MOTION OF A MOVING LINK
Consider a flexible Link subject to translation and rotations of the rigid body shown in Figure ( The considered link is referred to two frames of references, the global ‛OXY' and the local ‛oxy' frames.
Rotations and deflections were represented by a quintic polynomial [7] as follows:
And the longitudinal deformations of the point "C" were presented by a linear polynomial as follows: 
2 -At x = L:
By substituting in Equations (1), (2), the resulting equation can be expressed as follows:
Where: 
From Equations (5) and (6), one can obtain:
The transverse and longitudinal deflection can be expressed as: The position vector of the point G, as shown in figure (3) , is given by: (11) Where: (12) Differentiating Equation (11) with respect to time the velocity of point G can be given by:
Where:
is the velocity vector of center point G.
is the velocity vector of the point o.
is the angular velocity of the beam element.
From equations (11) through (14) , one can obtain that: (15) 
KINETIC ENERGY OF FREE ROTATING BEAM ELEMENT
Let ρ be the mass per unit volume of element material, and A is the element cross sectional area, then the kinetic energy of the link is: (16) By differentiating Equations (9) and (10) with respect to time and substituting them into equation (16) 
STRAIN ENERGY OF THE FREE ROTATING BEAM ELEMENT
The strain energy due to elastic deformations of a uniform link with modulus of elasticity E and area moment of inertia I about neutral axis can be expressed as:
V1 is the flexural strain energy.
V2 is the longitudinal strain energy.
V3 is the strain energy due to longitudinal loads acting in an element undergoing transverse deflection.
is the longitudinal rigid body inertia forces distributed on a moving beam element, as shown in Figure (4) . (40) Where:
PR is an external rigid body pin force.
aox is the acceleration of the point o in the x direction.
One can sum V1 and V2 to obtain Vs, where:
[Ke] is as given in the appendix. 
LAGRANGE EQUATIONS
The Lagrange for an arbitrarily translating and rotating flexible link is:
Where: e L is the Lagrangian which is given by (44) Substituting Equations (39) and (16) in Equation (44), yields is the dynamic stiffness matrix.
TRANSFORM FROM LOCAL TO GLOBAL VARIABLES
The coordinates of every link are referred to the directions of the global variables, as shown in Figure ( The set of variables can be put into a set of global variables as: 
CRITICAL RUNNING SPEEDS
Predefining of the critical speeds increase efficiency and reduce computation time during the design process. The elastic displacements of the nodes that lie on the boundary between the input crank and the crank shaft are constrained to be zero. This boundary condition requires the base of the input crank to be given a known angular displacement as a function of time, which acts as the input to the system. Additionally, during the assembly of the link matrices to form the system matrices, the elastic degrees of freedom of nodes common to two or more links, are required to satisfy compatibility conditions, which ensure continuity in elastic motion at these nodes. 
CONCLUSION
The finite element method is used to simulate the flexible mechanism. The equation of motion of flexible mechanisms has been derived using Lagrange equations. The method is applied to study the gyroscopic effect.
Considering gyroscopic effect gives a good results and agreement with experimental results. A comparison of the three stability charts gives a clear idea on the gyroscopic effect for an elastic linkage mechanism. The instability bands are narrow in the absence of gyroscopic effect. The presence of gyroscopic effect yields wider instability bands. Finally, gyroscopic effect causes a decrease in the instability areas at low operating speeds.
NOTATIONS

A
Cross section area [Be]
Gyroscopic element matrix
Total global gyroscopic matrix Ci Constants E Modulus of elasticity [7] Global load vector for mechanism {Fe-g} (6) . 
[ (9) . (11) . 
